Sharpless 2-27 (Sh2-27) is a nearby H ii region excited by ζOph. We present observations of polarized radio emission from 300 to 480 MHz towards Sh2-27, made with the Parkes 64 m Radio Telescope as part of the Global Magneto-Ionic Medium Survey. These observations have an angular resolution of 1.35 • , and the data are uniquely sensitive to magneto-ionic structure on large angular scales. We demonstrate that background polarized emission towards Sh2-27 is totally depolarized in our observations, allowing us to investigate the foreground. We analyse the results of Faraday tomography, mapping the magnetised interstellar medium along the 165 pc path to Sh2-27. The Faraday dispersion function in this direction has peaks at three Faraday depths. We consider both Faraday thick and thin models for this observation, finding that the thin model is preferred. We further model this as Faraday rotation of diffuse synchrotron emission in the Local Bubble and in two foreground neutral clouds. The Local Bubble extends for 80 pc in this direction, and we find a Faraday depth of −0.8±0.4 rad m −2 . This indicates a field directed away from the Sun with a strength of −2.5 ± 1.2 µG. The near and far neutral clouds are each about 30 pc thick, and we find Faraday depths of −6.6 ± 0.6 rad m −2 and +13.7 ± 0.8 rad m −2 , respectively. We estimate that the line-of-sight magnetic strengths in the near and far cloud are B ,near ≈ −15 µG and B ,far ≈ +30 µG. Our results demonstrate that Faraday tomography can be used to investigate the magneto-ionic properties of foreground features in front of nearby H ii regions.
Introduction
Magnetic fields are crucial dynamical drivers in the Galactic interstellar medium (ISM). They are responsible for injecting significant energy into the ISM (Heiles & Haverkorn 2012; Beck & Wielebinski 2013; Beck 2016) . Magnetic fields play roles in star formation and turbulent gas flows (Padoan & Nordlund 2011; Federrath & Klessen 2012; Federrath 2015) , and also have profound consequences for the initial mass function of stars (Offner et al. 2014; Federrath et al. 2014) . Despite their importance, much remains unknown regarding both the magnitude and structure of these magnetic fields. This has arisen from the general difficulty in measuring the strength of structure of magnetic fields in the ISM.
Radio spectro-polarimetry is one of the most effective ways to study interstellar magnetic fields (Han 2017) . Linearly polarized emission is produced within the Milky Way by relativistic electrons emitting synchrotron radiation as they orbit around magnetic fields. At radio frequencies this emission suffers Faraday rotation as it propagates towards the observer through the magneto-ionic medium (MIM). Thus, observations of Galactic polarized radio emission contain a wealth of information on the Milky Way's magnetoionic structure.
Faraday rotation causes the polarization angle ( χ) of an electromagnetic wave to rotate from an initial angle ( χ 0 ) at wavelength λ:
where φ is the Faraday depth (Burn 1966; Brentjens & de Bruyn 2005) :
and n e is the thermal electron density in cm −3 , B is the line-of-sight (LOS) component of the magnetic field in µG, and dr is the incremental distance along the LOS in pc to a source at distance d. In the case of a single rotating region in front of a polarized source, referred to as a 'Faraday screen', the Faraday depth is equivalent to the rotation measure (RM):
We follow the definitions of Brentjens & de Bruyn (2005) throughout, we quantify Faraday rotation using Faraday depth, and we refer to RMs from extragalactic sources. Due to the strong wavelength dependence, low-frequency radio observations of polarized emission are very sensitive for measuring Faraday rotation in the magneto-ionic medium (MIM). The determination of the Faraday depth from Galactic synchrotron emission is non-trivial, however, due both to the complexity of the Galactic MIM and the mixing of emission and Faraday rotation in the same volume. This can be overcome by mapping polarization across many frequency channels in a technique called 'Faraday tomography'. We outline this technique in Section 2. The large angular scales of diffuse Galactic polarized emission calls for global radio spectro-polarimetric survey. The Global Magneto-Ionic Medium Survey (GMIMS, Wolleben et al. 2009 ) was devised specifically to probe the MIM of the Milky Way. This survey will ultimately measure diffuse polarized emission across the entire sky from 300 MHz to 1.8 GHz using single-dish telescopes, giving excellent sensitivity to a wide range of Faraday structures. Results from the GMIMS high-band North (GMIMS-HBN, Wolleben et al. 2010a) , taken with the DRAO 26 m telescope, have been used directly to investigate the magnetoionic properties of a nearby H i shell (Wolleben et al. 2010b) , the North Polar Spur (Sun et al. 2015) , and the Fan Region (Hill et al. 2017) , and they are incorporated into other work analysing all-sky emission (e.g. Dickey et al. 2019; Zheng et al. 2017) .
The nearby H ii region Sharpless 2-27 (Sh2-27) appears in various radio polarization observations. Sh2-27 surrounds the star ζOph which is located at [l, b] ∼ [6.3 • , +23.6 • ] (van Leeuwen 2007) . The region subtends about 10 • on the sky and is readily identifiable in H α images. H ii regions are highly ionized regions of the ISM, and thus have a greater thermal electron density over the typical Galactic warm neutral medium Ferrière (2001) . In the presence of magnetic fields H ii regions have a strong effect on observations of radio polarization (e.g. Gaensler et al. 2001) . At 2.3 GHz in the S-band Polarization All Sky Survey (S-PASS, Carretti et al. 2019 ) Sh2-27 has been identified as a Faraday screen, modulating the polarization angle but not producing polarized emission itself (Robitaille et al. 2017 (Robitaille et al. , 2018 Iacobelli et al. 2014) . In polarization observations at 1.4 GHz, such as GMIMS-HBN, Sh2-27 can be identified as a depolarizing region. Wolleben et al. (2010b) used the depolarization of Sh2-27 to constrain the distance of polarized emission through a nearby H i shell. The magneto-ionic properties of Sh2-27 were directly investigated by Harvey-Smith et al. (2011) using the NVSS catalogue of point-source RMs (Taylor et al. 2009 ). This region stands out in the Taylor et al. (2009) catalogue, and derivative maps such as Oppermann et al. (2012) ; Oppermann et al. (2015) , due to high values of RM from extragalactic sources seen through it.
In this paper we present results from the low-band Southern Global Magneto-Ionic Medium Survey (GMIMS-LBS) towards Sh2-27. Using these data we are able to isolate a column of foreground MIM for analysis with Faraday tomography. The distance to Sh2-27 is known to be ∼ 180 pc (Gaia Collaboration et al. 2016 , which means we are able to map results from polarization observations within that distance. We provide additional background and definitions we use that are specific to radio polarimetry in Section 2. We describe the GMIMS-LBS observations in Section 3, including the application of Faraday tomography. In Section 4 we present the results of these observations towards Sh2-27 and show that it is depolarizing the background emission in the GMIMS-LBS band. We conclude that Sh2-27 is acting as a 'depolarization wall' for extended structures, and can therefore be used to constrain distances in Faraday tomography. We describe the structure in the GMIMS-LBS Faraday depth cubes towards Sh2-27 in Section 4.2. We analyse how this structure maps to distance along the LOS in Section 5. In Section 5.1 we consider a Faraday thin interpretation in combination with data on the local ISM to both reconstruct the magnetic field structure and estimate the magnetic strength along the LOS. In Section 5.2 we consider an alternate model using Faraday thick structures. We discuss our results in Section 6, and provide a summary and conclusion in Section 7.
Background

Faraday Tomography
It is highly unlikely that any given LOS in the Galaxy would be as simple as a Faraday screen. With this in mind, the technique of Faraday tomography (also known as RM synthesis) (Burn 1966; Brentjens & de Bruyn 2005; Heald et al. 2009 ) was developed. This method applies a discrete Fourier transform to the complex polarization as a function of λ 2 . The primary result of this technique is the Faraday dispersion function (F(φ)), the polarized flux as a function of Faraday depth. This function is spectral in nature, and we refer to it as the Faraday spectrum. The output parameters of Faraday tomography are set by the behaviour of the 'RM spread function' (RMSF). The effective resolution of the Faraday spectra (δφ) is given by the width of the RMSF at full-width of half maximum (FWHM) (Brentjens & de Bruyn 2005) :
where ∆λ 2 = λ 2 max − λ 2 min is the bandwidth in λ 2 -space, and λ 2 max and λ 2 min are the maximum and minimum observed λ 2 , respectively. The largest observable value of Faraday depth (φ max ) is set by the width of the observed λ 2 channels (δλ 2 ):
Finally, the smallest observed λ 2 sets the maximum scale observable in Faraday depth space:
Sources that produce a broad feature in the Faraday spectrum are referred to as 'Faraday thick'. Specifically, a source is 'thick' if λ 2 ∆φ 1, where ∆φ is the extent of the source in F(φ) observed at λ 2 (Brentjens & de Bruyn 2005) . Such features can be modelled as a mixture of a coherent and turbulent magnetic field that produces both synchrotron emission and Faraday rotation of background polarized emission (Burn 1966; Sokoloff et al. 1998 ). Conversely, a feature is Faraday thin if λ 2 ∆φ 1. Faraday thin features can be modelled as a δ function in the Faraday spectrum.
Observational restrictions on wavelength coverage have a strong effect on Faraday tomography. These effects can be mitigated using deconvolution techniques. Currently, the most popular algorithm is RM-CLEAN (Heald et al. 2009 ), which replaces the 'dirty' RMSF with a smooth Gaussian restoring beam. This reduces the effect of sidelobes that are present in the 'dirty' Faraday spectra.
Depolarization
Depolarization is a common feature of almost all radio polarization observations, with the exception of polarized emissions from pulsars. This effect can occur through three primary mechanisms (Burn 1966; Tribble 1991; Sokoloff et al. 1998) : depth, beam, and bandwidth depolarization. Depth depolarization refers to the effect of Faraday thick sources in λ 2 space. Such sources lose polarized flux as a function of λ 2 . Beam and bandwidth depolarization arise from observational parameters. In the former case, the variation of Faraday depth occurs spatially within the beam of the telescope. Bandwidth depolarization occurs when significant Faraday rotation occurs within one frequency channel.
In low-frequency observations depolarization features become far more common and are often associated with ionised regions of the ISM, such as H ii regions. As these features depolarize emission from behind them, they can be used as distance indicators in radio polarization observations.
Despite their higher Faraday resolution, low-frequency observations can face an issue by not observing polarized flux at short λ 2 . The result of missing this emission is that sources with a Faraday thickness greater than φ max-scale are 'resolved out', whereby broad features are lost leaving only narrow features present in Faraday depth space. In practice this can give rise to an ambiguity between a Faraday thick feature or a number of Faraday thin features.
A 'depolarization wall' (Hill 2018 ) is a form of spatially discrete depolarization. Whilst conceptually similar to the 'polarization horizon' (Uyaniker et al. 2003) , a depolarization wall arises when a specific and discrete depolarising object (such as an H ii region) lies along the LOS. When a LOS passes through a wall the background polarized emission is totally depolarized. Whether or not an object acts as a wall in a given observation will depend on both the observed λ 2 and the angular resolution. Polarization walls have a great utility for analysing results of Faraday tomography. Despite the large amount of information contained within Faraday spectra, mapping that structure to physical space is challenging. If the distance to a depolarization wall can be determined, however, that places a constraint on the distance along which the observed Faraday structure occurs. This is highly analogous to the use of H ii regions as free-free absorbers of Galactic synchrotron emission (e.g. Nord et al. 2006; Su et al. 2018 ).
Observations
GMIMS Low-Band South
Recently we completed GMIMS-LBS with the Parkes 64 m telescope. A complete description of these observations is provided in Wolleben et al. (submitted) . These observations measure diffuse polarized emission (Stokes I, Q, and U) across the entire Southern sky from 300 MHz to 480 MHz with a spectral resolution of 0.5 MHz.
Here we analyse the Faraday spectral cubes from this survey. These spectra have been deconvolved using RM-CLEAN (Heald et al. 2009 ). We summarise the properties of these data, including the parameters resulting from Faraday tomography, in Table 1 . The long wavelengths and high spectral resolution result in a unique property for this survey: a very fine Faraday resolution of δφ = 6.2 rad m −2 , smaller than the Faraday max-scale of the survey. This is the first large-scale sky survey with φ max-scale > δφ at frequencies above 250 MHz. This property means that only features that are broader than φ max-scale will be resolved out. Without this property, the observed spectra become more complex (Dickey et al. 2019) and their interpretation more difficult. 
It is also important to consider the behaviour of noise in Faraday spectra. The RMS noise in the Stokes Q and U spectra is σ QU = 60 mK. We primarily consider the absolute value of the Faraday dispersion function, which represents the polarized intensity. When analysing the polarized intensity the variance (σ PI ) is given by a Rayleigh distribution (Wardle & Sramek 1974; Heald et al. 2009 ):
in the low signal-to-noise limit. For increasing signal-to-noise the variance approaches a Gaussian distribution and σ PI = σ QU .
Complementary data
We use a number of other datasets to complement our GMIMS-LBS observation. Finkbeiner (2003) combines data from the Virginia Tech Spectral Line Survey (VTSS, Dennison et al. 1998) , the Southern H-Alpha Sky Survey (SHASSA, Gaustad et al. 2001 ) and the Wisconsin Halpha mapper (WHAM, Haffner et al. 2003) to produce an all-sky H α intensity image with a resolution of 6 . We use these data to identify Sh2-27 and other H ii regions around it.
The Taylor et al. (2009) catalogue provides measurements of RM towards extragalactic point sources as measured by the Very Large Array (VLA). These data are derived from NRAO VLA Sky Survey (NVSS, Condon et al. 1998) , and provide a source density of ∼ 1 deg −2 . Since these data were taken at L-band, and with 45 resolution, they are far less susceptible to depolarization effects. We are therefore able to investigate the Faraday rotation through Sh2-27 with these data.
The STructuring by Inversion the Local Interstellar Medium project ‡ (STILISM, Lallement et al. 2014; Capitanio et al. 2017; Lallement et al. 2018 ) provides information on the three-dimensional structure of the nearby ISM. These data are produced using dust reddening of starlight ‡ https://stilism.obspm.fr/, version 4.1, accessed October 2018 
We show the beam as a white circle in the lower-left corner. We note that in H α there are four other nearby H ii regions that appear close on the sky to Sh2-27. In contrast to Sh2-27, these H ii regions have no discernible effect on the polarization data. We identify a depolarization wall that occurs approximately within the H α contour of Sh2-27. We further find that the depolarized feature extending horizontally across this map is a depolarization canal.
(e.g. Vergely et al. 2010; Lallement et al. 2014; Green 2014; Capitanio et al. 2017; Green et al. 2018; Lallement et al. 2018) , with stellar parallax distances from Gaia, to map dust features in the nearby ISM. We use the data cube from this project, which covers a 4 kpc by 4 kpc by 600 pc grid around the Sun.
Results
Depolarization from Sh2-27
Polarized intensity is very low in GMIMS-LBS towards Sh2-27. The depolarizing effect of Sh2-27 in our data can be seen in Figure 1 , which shows the peak polarized intensity from the CLEAN Faraday spectra in the region towards Sh2-27. We also show the combined SHASSA and WHAM H α intensity from Finkbeiner (2003) as white contours. We identify two important features from this map. First, while the area towards Sh2-27 is clearly reduced in polarized intensity with respect to the surrounding emission, the polarized intensity is well above the noise (60 mK). Second, a strong but narrow depolarization feature extends out to the right from the edge of the Sh2-27's depolarization region. We will address these features in turn with respect to several depolarization mechanisms. GMIMS-LBS is able to probe magneto-ionic effects in great detail due to the long wavelengths observed. Consequently, these observations are also more sensitive to depolarization features. A Faraday depth of about ±940 rad m −2 would be required to completely depolarize our lowest frequency observation through bandwidth depolarization. Such extreme values are rarely observed away from the Galactic plane. We therefore do not expect bandwidth depolarization to affect our observations.
Given the large beam of GMIMS-LBS (81 arcmin at 300 MHz), beam depolarization is likely to be a significant effect. We quantify the beam depolarization towards Sh2-27 using point-source RMs. These values probe Faraday rotation along the entire LOS out to the edge of the Galaxy, thus allowing the investigation of the intervening ISM.
Here we apply a similar analysis to Harvey-Smith et al. (2011), but instead we will obtain the variation in Faraday depth across Sh2-27, and thus estimate the beam depolarization in GMIMS-LBS using the Taylor et al. (2009) Table 2 . This results in 65 background-corrected RMs through Sh2-27, which we show in Figure 2a . We also show the distribution of these RMs in Figure 2b . From these RMs we find a median value of −166 rad m −2 and a standard deviation of σ RM = 78 rad m −2 . To analyse how σ RM changes across angular scales we compute the second-order structure function (SF RM ) of the RMs on Sh2-27, as defined by Haverkorn et al. (2004) :
where ∆θ is the angular distance on the sky between two LOS, and . . . represents the average on all pairs of separation ∆θ. We estimate the errors in the structure function by utilising Monte-Carlo error propagation. Assuming that the errors in the Taylor et al. (2009) RMs are Gaussian distributed, we take 1000 samples of a Gaussian distribution for each RM on Sh2-27 and propagate the entire distribution through the SF RM computation. We find that the function remains flat from the angular scale of Sh2-27 (∼ 10 • ) to scales smaller than the beamwidth of our observations. We can therefore expect that the variation in RM as computed across the entire Sh2-27 region will be about the same as the variation within the GMIMS-LBS beam. We estimate that the variance in Faraday depth due to Sh2-27 can be related to the variation in RM by:
where σ H ii is the variation in Faraday depth caused by turbulent structures in the H ii region, σ gal ≈ 8/sin (b) ≈ 20 rad m −2 (Schnitzeler 2010 ) is the variation along the rest of the LOS through the Galaxy, σ exgal ≈ 6 rad m −2 (Schnitzeler 2010 ) is the variation in RM due to contribution from the intrinsic Faraday rotation of the extragalactic source, and σ err = 10.1 ± 0.4 is the measurement error in RM. In this way we estimate the variation in Faraday depth of Sh2-27 to be σ H ii ≈ 74 ± 1 rad m −2 . The degree of beam depolarization can be quantified by either the Burn (1966) depolarization law, or by the Tribble (1991) depolarization law if the depolarization (compared to the intrinsic polarisation fraction) is < 0.5:
where DP is the depolarization fraction (the ratio of observed to intrinsic PI), σ is the variation in Faraday depth, λ is the observed wavelength, and N is the number of independent, randomly varying areas within the beam. Across our band, the Burn depolarization factor is < exp (−1700) and the Tribble depolarization factor is < 1/(130 √ N) (< 0.008 for N = 1). In either case, the emission behind Sh2-27 is strongly beam depolarized in our survey. We find, however, a significant polarized signal towards Sh2-27. Since an H ii region does not produce polarized emission itself we are able to proceed treating Sh2-27 as a 'depolarization wall' and we conclude that the polarized emission that we observe must arise between the Sun and Sh2-27.
Hill (2018) does note, however, that it is possible for polarization to make its way through a depolarizing volume, such as an H ii region, using a semi-analytic mock observation matched to GMIMS-LBS. Their model included a lower-density H ii region than Sh2-27. We ran a version of their model with a density and magnetic field which matches estimates for Sh2-27 (Harvey-Smith et al. 2011). Some polarized radiation does leak through at the Faraday depth of the H ii region in the model, but the polarized intensity is 10% of the background polarized intensity. In the model, there are components of the Faraday spectrum at Faraday depths comparable to what would be observed for background sources; we do not see components at the Faraday depths seen by Harvey-Smith et al. (2011) , so the depolarization may be more wall-like than in the Hill (2018) model.
We identify the large depolarized feature that extends to the right from Sh2-27 as a depolarization canal. Depolarization canals are a common feature of many polarization maps. These canals can occur from a variety of physical scenarios, but most commonly occur through one of two mechanisms (Fletcher & Shukurov 2006; Fletcher & Shukurov 2007) : either a strong gradient or discontinuity in Faraday depth across the sky, or depth depolarization along the LOS. Both of these mechanisms can produce depolarization which is the width of the telescope beam. In Figure 3a we show an image of the Faraday depth at the peak PI in the range −3 < φ < +3 rad m −2 . We select this restricted range in order to find the peak around 0 rad m −2 . The Faraday depth structure towards Sh2-27 is different to that along the feature. On Sh2-27 the peak φ is relatively smooth and constant (φ < 0). In contrast, there is a clear discontinuity in φ along the canal, as well as a gradient towards Galactic North. We confirm that these discontinuities are not artefacts of two peaks of similar heights by inspecting the first moment of the Faraday spectra in Figure 3b . This map shows the same discontinuities and gradients as the peak φ map, which indicates that these are true features of the Faraday depth structure. Areas with a discontinuity in φ show depolarization on the order of a beamwidth, which leads us to the conclusion that the feature is a depolarization canal. We note that the canal is slightly wider than the beamwidth, but this is explained by a combination of a discontinuity and a gradient in φ. Both of these effects generate depolarization canals, and both appear in close proximity in the peak φ map. The depolarizing effects then blend into a wider canal. We conclude that this feature is distinct from Sh2-27 and we do not discuss it further.
Faraday Spectra Towards Sh2-27
We find a consistent structure in the Faraday spectrum towards Sh2-27, shown in Figure 4 . In the left-hand panel of Figure 4 we show azimuthal averages (through a full rota- The histogram of the RM distribution towards Sh2-27. We also show the median RM (dashed line), and 16th and 84th percentiles (dotted lines). We use these data to demonstrate that Sh2-27 is a depolarization wall to the diffuse emission measured by GMIMS-LBS. The high RM values shown here are not detected in our Faraday spectra as polarized emission from behind the H ii region is totally depolarized. Peak φ [rad m tion) of the Faraday spectrum in polarized intensity as a function of radius on the sky from ζOph. For the region towards Sh2-27 we find a triple-peak structure, which is absent in the regions away from the H ii region. In the middle panel of Figure 4 we can see that each peak is well above our noise threshold and well fit by a single CLEAN component. For comparison, we show the RMSF for the same region. It is clear that the triple-peak structure is not generated by sidelobes in the RMSF. The polarized intensity also increases significantly away from Sh2-27, correlating with the loss of the triple-peak structure. As the foreground structure is unlikely to correlate precisely with the boundary of Sh2-27, we conclude that the foreground structure we probe towards Sh2-27 is overwhelmed by higher intensity background emission in directions away from the depolarization wall.
To identify the Faraday depth of the peaks on Sh2-27 we first apply the peak-finding algorithm from Duarte (2015) to find the Faraday-resolution-limited peaks in the azimuthally averaged spectra. We only search for peaks above our noise threshold of 60 mK. From this we find the triple-peak structure extends radially for 5.5 • from ζOph, which is almost exactly the radius of Sh2-27 in H α. We fit three Gaussians to the triple-peak region excluding structures below our noise threshold and obtain the means of the three peaks weighted by the inverse variance from the radial profile, 1: −7.4 ± 0.4 rad m −2 , 2: −0.8 ± 0.4 rad m −2 , and 3: +6.2 ± 0.4 rad m −2 .
Analysis
When multiple peaks are present in a low-frequency Faraday spectrum two primary interpretations are possible: either the features are of separate origin, or the peaks arise from a Faraday thick medium which has been resolved out. We follow the method of Van Eck et al. (2017) (hereafter CVE17) for separating these scenarios. We estimate the distance to the front of Sh2-27 using the distance to ζOph. We use the parallax distance to this star from the Gaia DR2 survey (Gaia Collaboration et al. 2016 Collaboration et al. , 2018 , specifically the error-corrected distance estimates provided by Bailer-Jones (2015) , 182 +53 −33 pc. Taking the region to be a sphere centred on ζOph with an angular radius of 5.5 • on the sky, we find the distance to the front of the region is 164 +48 −30 pc.
Faraday Thin Models Towards Sh2-27
In this section we present a Faraday thin model of the foreground ISM towards Sh2-27, and show that it can accurately reproduce the observed Stokes Q and U spectra as a function of λ 2 . We also consult additional data which can give information on the structure of the foreground column of ISM.
In general, the complex polarization of a Faraday thin component is given by:
where χ 0 is the initial polarization angle of the emission and φ 0 is the Faraday depth of the component. We obtain the de-rotated χ 0 for peaks 1, 2, and 3 using:
where χ 1 is the polarization angle at the peak in the Faraday spectrum, and λ 2 0 is the de-rotated wavelength-squared as per Brentjens & de Bruyn (2005) . We construct model spectra as the sum of three Faraday thin components using the Faraday depth of each peak, their corresponding initial angles, and amplitudes of 0.18 K. We show both the average Stokes Q, U, and PI λ spectrum on Sh2-27 and the Faraday thin model in Figure 5 . We have not used any fitting routine, rather we have simply constructed the model from the average values we infer from the Faraday spectrum.
There are two factors to consider as we construct a physical model of MIM along the LOS. We must consider where the polarized emission arises and determine to what degree the Faraday rotation occurs. We make this consideration under the constraint of the ∼ 160 pc path to the front of Sh2-27. Meaning that we are analysing small, localised structures, with a size scale much less than a kiloparsec. We will first consider the sources of Faraday rotation before considering the source of polarized emission. A Faraday thin model does not necessarily exclude mixed emission and rotation, but for a model to be considered Faraday thin in our context the Faraday thickness should should not exceed the φ max-scale of our observations. The most likely contributors in the ISM to Faraday rotation of low frequency polarized emission are the cold and warm neutral medium (CNM and WNM), the warm ionised medium (WIM), and the hot ionised medium (HIM). There are no large molecular clouds towards Sh2-27, as indicated by the absence of obscuration of the H α emission from the H ii region. We can consider the amount of Faraday rotation each ISM phase is likely to contribute along the LOS, and quantify the path-length at which each phase will be resolved out of our observations. Here we take local electron densities of the various ISM phases from Ferrière (2001) and Heiles & Haverkorn (2012) , and we assume a typical regular magnetic field value of 2 µG (Sun et al. 2007 ) with no reversals. CVE17 conducted a similar analysis in the LOFAR band, finding that only emissions produced in the WNM would not be resolved out. We summarise these results in Table 2 , comparing the survey characteristics from GMIMS-LBS and LOFAR. Since the φ max-scale of GMIMS-LBS is nearly eight times that of LOFAR, our survey is much less susceptible to resolving out Faraday thick structures. We therefore cannot construct a similar model to CVE17, where interpretation of the polarized emission was tied to the absence of depolarization in the WNM. Instead, the features that we observe must be explained by enhancements in the MIM along the LOS.
The different ISM phases along the LOS will each contribute differently to the Faraday rotation of synchrotron emission, due to their different magneto-ionic properties. The Local Bubble consists of a hot ionised medium (HIM), at n e = 0.005 cm −3 (Cordes & Lazio 2002; Shelton 2009 ), filling a volume around the Sun. Synchrotron emissions produced inside the Local Bubble should create a peak in the Faraday spectrum around 0 rad m −2 , as emission produced close to the Sun should experience minimal Faraday rotation. Our peak 2 is consistent with 0 rad m −2 at 2σ. We therefore interpret peak 2 as emission that is produced within the Local Bubble. At 1σ of confidence, we observe −0.8 ± 0.4rad m −2 of Faraday rotation through this volume.
Faraday rotation in the Local Bubble also affects the features which arise behind it; that is, we must subtract the −0.8 rad m −2 contribution from peaks 1 and 3. Applying this moves peaks 1 and 3 to −6.6 ± 0.6 rad m −2 and +7.1 ± 0.6 rad m −2 , respectively. We can constrain what is producing these features by analysing how LOS components of the ISM are contributing to Faraday rotation. Taking our  values from Table 2 , assuming these phases are contributing ∼ 7 rad m −2 of Faraday rotation would require a path-length of about 270 pc, 6 kpc, 17 pc, 40 pc, and 1.2 kpc respectively.
Because of the short path-length (164 +48 −30 pc) to the front of Sh2-27, the only possible candidates are the CNM, WIM, WPIM. Neutral gas is typically traced using H i observations. We inspect the H i emission in the region of Sh2-27 from HI4PI (Ben Bekhti et al. 2016 ). Due to the proximity of Sh2-27 to the Sun, H i emissions produced in this region crowd around 0 km/s, making kinematic distances unreliable. We do find indications of H i self-absorption, however, in the H i spectra towards the H ii region, which indicates the presence of cold atomic gas. We are therefore motivated to look to the STILISM project (Lallement et al. 2014; Capitanio et al. 2017; Lallement et al. 2018) , which traces the CNM and provides the LOS distances to these neutral structures.
We show a series of slices through the STILISM cube in Figure 6 . The Local Bubble appears as a void surrounding the Sun in these data. We find that the distance to edge of the Local Bubble is 80 pc in the direction of Sh2-27. Taking an electron density of 0.005 cm −3 we derive a magnetic field strength of −2.5 ± 1.2 µG in the Local Bubble, aligned away from the Sun.
The location of Sh2-27 correlates with a region of relatively lower dust content in STILISM, as expected around an H ii region, compared to neutral clouds. Between the front of Sh2-27 and the edge of the Local Bubble two dust features appear. These regions occur at ∼ 95 pc and ∼ 135 pc and are each ∼ 30 pc deep along the LOS. The distance error from the reddening inversion in this area is ∼ 11 pc. We provide the spatial coverage of these clouds in the contours of Figure 7a . The near cloud covers the entire region towards Sh2-27, whilst the far cloud only covers the lower-left portion of the region. Comparing the Faraday spectra between these areas we find that the triple-peak structure changes to a double-peak in the upper-right portion of the region, as shown in Figure 7b . We see that there is neutral material in front of Sh2-27, and its location correlates with the Faraday spectra, so we can explain the Faraday properties of the foreground column without any WIM or WPIM along the line of sight. The magnetic fields need to be more intense, however, than the ∼ 2 µG we assumed previously.
In higher density regions of the ISM magnetic fields become compressed (Crutcher et al. 2010 ) and highly ordered, even in a relatively neutral medium Kalberla et al. 2017; Gazol & Villagran 2018; Tritsis et al. 2019) . The dust features towards Sh2-27 are composed of CNM, and thus are a higher density region of neutral ISM. We can estimate the density in these clouds using a dustto-gas ratio. Liszt (2014) find a ratio of H i column density (N(H i)) to dust reddening magnitude (E(B − V)) of N(H i) = 8.3 × 10 21 cm −2 E(B − V) for for |b| > 20 • and E(B − V) 0.1 mag. This corresponds to a number density (n(H i)) to differential colour excess ratio of ∼ 2700 cm −3 /(mag pc −1 ). For the two foreground clouds, we find a total number density of n tot ∼ 50 cm −3 and ∼ 12 cm −3 , which is consistent with typical values in the CNM (Ferrière 2001) . Increased electron density and magnetic fields in the dust features are evidently providing increased Faraday rotation over the more tenuous inter-cloud medium.
The observed triple-peaked Faraday spectrum can be reproduced from a simple model of the magneto-ionic structure towards Sh2-27. We summarise this model of the MIM towards Sh2-27 in Figure 8 . In this model we first assume a constant synchrotron emissivity (ε) along the entire LOS towards Sh2-27. We interpret peaks 1 and 3 to be associated with the dust features. Such peaks would be produced if both clouds have stronger Faraday rotation, with LOS magnetic fields of opposite directions and with the cloud further from the Sun having stronger LOS magnetic field than the closer one. This must be the case to produce two peaks. If the clouds had similar strength LOS magnetic fields, emission produced behind both clouds would be Faraday rotated by the closer cloud to ∼ 0 rad m −2 . Further, we are able to associate peak 3 with the far cloud from the change in the Faraday spectrum on and off the cloud. This means that peak 1 arises from the near cloud. To summarise, assuming a uniform ε, the triple peak structure can be created from the far cloud with a Faraday depth of +13.7 ± 0.8 rad m −2 , the near cloud with Faraday depth of −6.6 ± 0.6 rad m −2 , and a peak near 0 rad m −2 from the Local Bubble. Emission produced in the warm inter-cloud regions is not depolarized, but undergoes an increased amount of Faraday rotation in the neutral dust clouds.
We confirm the viability of the model by constructing a simple 1D numerical simulation of the Faraday rotation produced by this model. Into this model we input LOS values for B , n e , and pseudo-ε, scaling the total emission to 1 flux unit. From this we obtain Stokes Q and U in the GMIMS-LBS band and perform Faraday tomography. We show the resulting Faraday spectra in Figure 9 . In this evaluation of the simulation, we take B in the near and far cloud to be −15 µG and +30 µG, respectively, with the rest of the LOS having 2 µG. We find that the resulting Faraday spectrum is relatively insensitive to the sign of the intra-cloud and Local Bubble field directions. When we assume a uniform ε we obtain a triple-peak spectrum which is dominated by the component near 0 rad m −2 , as shown in Figure 9a . This is likely because this is over estimating the contribution of emission from the Local Bubble. More realistically, the magnetic fields in the HIM of the Local Bubble are likely to be weak (Hill et al. 2012 , and therefore the ε in this region should be reduced relative to the rest of the LOS. In Figure 9b we show the result of setting the ε of the Local Bubble to be 10% of the remaining ε. This produces three peaks of approximately equal height in the Faraday spectrum. It is possible that this same structure may arise from a more complicated LOS composition. In the absence of data to motivate such a model, this simulation demonstrates that our observed Faraday structure can be produced from a simple model.
We can also determine how tenable this model is by calculating the polarization fraction. To do this we must also estimate the total synchrotron intensity towards Sh2-27. As Sh2-27 is a depolarization wall, we need to only consider the synchrotron emission from in front of the region. Roger et al. (1999) measured the total intensity towards a number of H ii regions, including Sh2-27, at 22 MHz and estimated the synchrotron emissivity. They find ε = 159 K/pc at 22 MHz, but they note that the emissivity towards Sh2-27 was very high relative to other H ii regions, and that Sh2-27 might be not completely optically thick at 22 MHz. We investigate whether this is the case using values from the literature. The opacity (τ) of an H ii region at a particular frequency (ν) is given by Mezger & Henderson (1967) :
where n e ≈ 2 cm −3 (Wood et al. 2005) , EM = 240±26 cm −6 pc (Celnik & Weiland 1988 ) is the emission measure, and T e is the electron temperature. Taking T e = 7000 K gives τ = 0.38 at 22 MHz, meaning Sh2-27 is not optically thick. Using this opacity, we re-derive a foreground emissivity of ε = 37 +23 −15 . More recently, Su et al. (2018) calculated the synchrotron emissivity towards many H ii regions at 76.2 MHz using the Figure 6 . Three-dimensional dust structure towards Sh2-27 from STILISM (Lallement et al. 2014; Capitanio et al. 2017; Lallement et al. 2018) . In all panels the solid line shows the LOS through the position of ζOph, and the dashed lines are LOS through the outer bounds of the H ii regions. Murchison Widefield Array (MWA). They find an average value of 1±0.5 K pc −1 at 76.2 MHz. Taking a spectral index of β = −2.5 (where I ∝ ν β ), the emissivity at the GMIMS-LBS mid-band frequency of 390 MHz is ε = 0.017 ± 0.008 K pc −1 . This value is also consistent with our recomputed value from Roger et al. (1999) assuming the same spectral index. Using the scaled emissivity from Su et al. (2018) , we estimate the total flux arising in front of Sh2-27 is 2.8 +2.5 −1.6 K.
The use of depolarization walls is conceptually similar to using free-free absorption of Stokes I by H ii regions. Similarly, we can determine the total received polarized emission towards Sh2-27. Using our Gaussian fit for the three Faraday thin components, we integrate the polarized intensity over the range of Faraday depths to determine the total polarized flux. From this we find a total polarized flux of ∼ 0.4 K.
Taking our previous estimate of the total intensity, this results in a polarization fraction of 12 +16 −6 %. Given that spatial variation in Faraday depth will cause significant beam depolarization, this fraction is relatively high. This value further supports our finding that the magnetic fields causing the observed Faraday rotation towards Sh2-27 have a highly ordered component.
Finally, we estimate the magnetic field strengths in the neutral clouds. We have determined that the far cloud has a Faraday depth of ∼ +14 rad m −2 and the near cloud a Faraday depth of ∼ −7 rad m −2 . From Equation 2 we also need to estimate n e , and the path-length through each region (L). We find no pulsars between the Sun and Sh2-27 in ATNF Figure 8 . A cartoon of the magnetic field structure we observe along the LOS towards Sh2-27. We indicate the approximate distance to each feature along the bottom of the figure. We shade the two neutral clouds grey, indicating their increased density over other LOS components. The hatched region corresponds to the front of Sh2-27, behind which we receive no polarized emission. We give the values for the Faraday depths in each region. Arrows indicate the magnetic field direction in the Local Bubble and the two neutral clouds, as determined from our observations.
Pulsar Catalogue (Manchester et al. 2005 ) §, and since Sh2-27 is the dominant H α emission source in this direction it is not possible to constrain the n e from these observations. As such, we present the LOS magnetic field strength as a function of the total number density (n tot ), the ionisation fraction (X e ), and L. We also estimate the strengths taking reasonable values from Ferrière (2001) and our estimates above: 
Faraday Thick Models Towards Sh2-27
We can also decide whether the Faraday structure towards Sh2-27 is Faraday thick using the CVE17 polarization flux method. After performing Faraday tomography, the PI spectra have units of K/RMSF. To obtain polarized flux, we must convert these units to K/(rad m −2 ). This conversion factor of rad m −2 /RMSF is given by the integrated area (A) under the CLEAN Gaussian RMSF. For the region towards Sh2-27 in GMIMS-LBS this factor is 7.3 rad m −2 /RMSF. Note, that for LOFAR observations CVE17 obtained a conversion factor of near unity, whereas the factor for GMIMS-LBS is nearly an order of magnitude higher.
We can now model the depolarization of a Faraday thick medium in GMIMS-LBS. We model this as a 'Burn slab' (Burn 1966 depth space a Burn slab is a tophat function, which corresponds to the following complex polarization in λ 2 :
where φ 0 is the central Faraday depth of the slab, and ∆φ is the width, or Faraday thickness, of the slab, and χ 0 again is the initial polarization angle. This model has the additional advantage of resolving out the least as a function of Faraday thickness; that is, other Faraday thick models will be filtered out more strongly. We model observations using GMIMS-LBS by evaluating this complex polarization using λ 2 values observed by GMIMS-LBS, taking the height of the slab to be 1 K, and then performing Faraday tomography on the resulting spectra. As the model is resolved out, the 'observed' Faraday spectrum is split into two peaks which also reduce in magnitude. We show this reduction as a function of Faraday thickness (matching Figure A. 1. of Van Eck et al. 2017) in Figure 10 . We note that this function is smooth compared to CVE17 because we have also applied RM-CLEAN to our synthetic spectra (not doing so results in an oscillation due to interference between the sidelobes of the depolarized peaks). We find that if the Faraday thickness of the slab is greater than the FWHM of the RMSF, then the depolarization factor is about 11%. For a Faraday thickness less than that, the depolarization factor varies significantly, reaching a peak depolarization factor of about 21% at 2.4 rad m −2 . There are three possible thick models that could apply to our observations (1): either peaks 1 and 2 are edges of a thick slab, (2): peaks 2 and 3 are edges of a slab, or (3): peaks 1 and 3 are the edges of the slab. In each case the third peak would be provided by a Faraday thin component. We will only consider cases (1) and (2), as case (3) Figure 10 . The depth depolarization of a Burn slab as a function of Faraday thickness, as observed by GMIMS-LBS. The peak PI is taken from a synthetic Faraday tomography observation of a Burn slab with a height 1 K and a variable thickness. Blue, dash-dotted: Depolarization from dirty spectra. Orange, solid: Depolarization from CLEAN spectra. Black, dashed: The FWHM of the RMSF.
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peak represents the leading edge of a slab a priori. This condition, however, only sets the direction of the coherent magnetic field along the LOS, and does not affect the degree of missing flux. The Faraday thicknesses for models (1) and (2) are 6.6 ± 0.6 rad m −2 and 7.1 ± 0.6 rad m −2 , respectively. The heights of peaks 1, 2, and 3 are 0.185 ± 0.002 K/RMSF, 0.190 ± 0.005 K/RMSF, and 0.168 ± 0.006 K/RMSF, respectively. For simplicity, we can consider both of these cases together as a slab of thickness ∼ 7 rad m −2 , and a depolarized peak of ∼ 0.18K/RMSF. Taking the conversion factor of 7.3 rad m −2 /RMSF gives the height of the depolarized peak as ∼ 0.024 K/(rad m −2 ). A Faraday thickness of ∼ 7 rad m −2 will correspond to a depolarization factor of ∼ 11%, and therefore the height of the slab will be ∼ 0.23 K/(rad m −2 ). Integrating across the slab results in a polarized flux of ∼ 1.6 K. From our estimate above, a Faraday thin component would provide about 0.1 K of flux. For the ε we calculate above, the polarization fraction would therefore be 62 +81 −29 %. For comparison, the maximum theoretical polarization fraction for synchrotron emission is 75% (Rybicki & Lightman 1986) , but this will only occur when the magnetic field generating the synchrotron emission is perfectly uniform. Such high values are highly unlikely to arise in the diffuse ISM.
We also evaluate the λ 2 spectra for each Burn slab model in a similar manner to the Faraday thin case. We show the resulting spectra in Section A. None of these models recreate the average spectra well, especially in comparison to the thin model. From both this finding, and our analysis of the polarized flux from a Burn slab model, we conclude that a Faraday thick model is unlikely to apply here.
Discussion
Faraday tomography is a powerful method for probing the MIM of the Galactic ISM. Faraday depth, however, can vary in a non-monotonic fashion along the LOS and mapping structure in the Faraday dispersion function is therefore difficult. The use of depolarization to constrain distances to polarized features has been applied in many diffuse polarization surveys (e.g. Wolleben et al. 2010b; Hill et al. 2017) . We have shown that at low frequencies this analysis can be extended. If a depolarization feature can be identified as a depolarization wall then any observed polarized emission can be constrained to the region along the LOS in front of the feature. In GMIMS-LBS we are sensitive to large angular scales, but our large beam also constrains us to this type of analysis only on large depolarization regions. Additionally, the current spatial density of extragalactic RMs (e.g. Taylor et al. 2009 ) is ∼ 1 RM/deg 2 , which also restricts the analysis of beam depolarization Future polarized surveys, such as POSSUM (Gaensler et al. 2010 ) from the Australian SKA Pathfinder (ASKAP), aim to deliver ∼ 100 RM/deg 2 . With such data, the type of analysis we present here can be extended to higher angular resolution with observations from aperture synthesis telescopes. Furthermore, distances to H ii regions are being well constrained by the H ii Region Discovery Surveys (HRDS, SHRDS Bania et al. 2010; Brown et al. 2017) .
Understanding of the density-magnetic field relationship in the ISM is of great importance to many processes. Recent observations (e.g. Wolleben et al. 2010b; Clark et al. 2014; Kalberla et al. 2017; Tritsis et al. 2019 ) and numerical simulations (e.g. Gazol & Villagran 2018) have shown that even in the diffuse ISM magnetic fields can be compressed and ordered. Our observations are highly compatible with this picture, and our model of the ISM towards Sh2-27 shows that magnetic fields have become ordered and magnified in nearby dust clouds. Crutcher et al. (2010) show that in densities associated with the CNM, magnetic fields are measured be on the order of 5µ G, but can be as high as 10-20 µG. Wolleben et al. (2010b) use Faraday tomography to measure the magnetic field in large, nearby H i shell. They determine a LOS field strength of 20-34 µG. Clark et al. (2014) estimate a total magnetic field strength in the Riegel-Crutcher H i cloud of 10-50 µG, using a Chandrasekhar-Fermi-like method. McClureGriffiths et al. (2006) previously constrained that the total magnetic field in the Riegel-Crutcher cloud should be at least 30 µG. Tritsis et al. (2019) analyse a similar region in Ursa Major, finding a total magnetic field strength of 10-20 µG. Our magnetic field estimates are broadly consistent with these measurements. We note however, that each of these cases represents an atypical cloud, as compared with Crutcher et al. (2010) results for the same density. Further investigation of the clouds we find towards Sh2-27 is required to understand whether such a special case, such as compression within a shell wall, occurs here.
Summary and Conclusion
In this paper we have made use of the highly sensitive GMIMS-LBS observations to probe the magneto-ionic structure of the nearby ISM. We achieve this by identifying the nearby H ii region Sh2-27 as a depolarization wall. The magneto-ionic properties of Sh2-27, as revealed by extragalactic RMs, prevent polarized emissions produced behind the region at 300-480 MHz from propagating through it. We are then able to perform Faraday tomography on the observed polarized emission knowing that the structure we observe must originate between the Sun and the front of Sh2-27, a path length of only 160 pc.
We find a consistent triple-peaked structure in the Faraday spectrum in the region towards Sh2-27. We conclude that the structure is highly unlikely to arise from a resolved out Faraday thick source, but rather should be caused by magneto-ionic enhancements along the LOS. We draw this conclusion from both consideration of the polarized flux and by modelling Faraday thick and thin spectra. We find that only the thin model reproduces the observations well.
Using three-dimensional ISM maps we identify two neutral features in front of Sh2-27 as well as the ionised region of the Local Bubble. The Local Bubble extends for 80 pc in the direction of Sh2-27, and the two clouds lie in the remaining space in front of Sh2-27 and are each about 30 pc thick. Given the constraint on the LOS structure we also find that the observed Faraday structure cannot arise from a tenuous ionised region. Rather, the structure must arise from magneto-ionic enhancements. We are able to associate the three peaks in our Faraday spectrum with the two neutral clouds and the Local Bubble. We confirm the viability of this model using both a simple 1D simulation, and an analysis of the polarized flux. Following this, we find a Faraday depth in the local bubble of −0.8±0.4rad m −2 , meaning that magnetic field is aligned away from the Sun in this direction. Assuming that this Faraday rotation occurs uniformly throughout the Local Bubble, this Faraday depth corresponds to a LOS magnetic field strength of −2.5 ± 1.2 µG. In the near and far clouds we obtain Faraday depths −6.6 ± 0.6 rad m −2 and +13.7 ± 0.8 rad m −2 , respectively. These Faraday depths correspond to LOS magnetic fields of opposite alignment in each cloud.
Here we have considered only a small region in the GMIMS-LBS. We chose this region as the morphological correlation between the polarization structure and the H ii region Sh2-27 is immediately apparent. We have shown that interpretation of features in these data requires careful analysis and combination with extragalactic polarization observations and additional tracers of the ISM. We have shown that GMIMS observations are highly complementary to newly released survey data such as Gaia and will be of great use for interpretation of results from the upcoming MWA and ASKAP surveys. Faraday thick -model #3.2 Q data U data PI data Q model U model PI model Figure A6 . Faraday thick model spectra towards Sh2-27: A Burn slab spanning peaks 1 and 3, taking χ 0 from peak 1, and a Faraday thin component at peak 2. Dashed lines: Average Stokes Q, U, and PI λ 2 spectra towards Sh-27 from GMIMS-LBS. Solid lines: Faraday thick model derived from the average Faraday spectrum.
